Introduction
============

Total knee arthroplasty (TKA) has been considered as a standard procedure for intractable pain in the end-stage degenerative arthritis of the knee[@B1]. Development of a new method for significant increase in the maximal angle of flexion would be beneficial for the improvement in pain and function following TKA[@B2].

Postoperative range of motion (ROM) is determined by a variety of factors including preoperative flexion contracture, preoperative ROM, valgus/varus deformity, surgical technique, type and position of prosthesis[@B3]-[@B12]. Proximal tibial cut angle and changes in the posterior tibial slope after surgery have also been associated with postoperative ROM in some studies[@B13]-[@B21].

Based on the results of previous studies using cadavers, computer models, or radiography, we hypothesized that the posterior tibial slope would be correlated with maximal angle of flexion[@B14],[@B18],[@B20].

Although there are some studies that investigated the correlation in TKA patients, other variables were not sufficiently controlled in the study by Kansara and Markel[@B19] and the follow-up period was short (12 months) in the study by Malviya et al.[@B21].

The purpose of this study was to assess the hypothesis that the posterior tibial slope would be positively correlated with the maximal angle of flexion in a more independent and accurate manner by controlling other ROM-related factors and involving ≥3 years of follow-up.

Materials and Methods
=====================

1. Study Subjects and Surgical Technique
----------------------------------------

One hundred and two cases (75 patients, 71 females and 4 males), which were available for ≥3 years of follow-up after TKA using the Nexgen LPS system (Zimmer, Warsaw, IN, USA), were initially included in this study. The surgery was performed due to degenerative arthritis by the same surgeon at our institution between January 2001 and January 2004.

Of the initial 102 cases, those that had far below/above the mean values for the factors that may influence the maximal angle of flexion except for the posterior tibial slope were excluded to eliminate the confounding variables. The mean preoperative flexion contracture was 11° (range, 0°-60°) in the 102 cases, 9 of which had ≥20° of flexion contracture. The mean preoperative ROM was 114.2° (range, 20°-150°) in the 102 cases, 11 of which had \<90° of ROM. The mean preoperative deformity was 11.8° of varus (range, valgus 8°-varus 33°) in the 102 cases, 3 of which had valgus deformities and 6 of which had ≥20° of varus deformity. A total of 23 cases that exhibited far below/above the mean values for at least one of the three factors were excluded from this study. The final number of included cases was 79 (63 patients, 60 females and 3 males). The mean age of the 63 patients was 65.4 years (range, 48-88 years).

A skin incision was made along the midline of the knee and the joint was exposed through a medial parapatellar approach. Soft tissue release was performed depending on the extent of the deformity. The posterior cruciate ligament (PCL) was resected in all cases and a distal femoral cut preceded a proximal tibial cut. Femoral component size was determined with an anterior reference system and a rotation of the component using the transepicondylar axis. The angle of the proximal tibial cut was adjusted to reproduce the preoperative posterior tibial slope while taking care to avoid ≥15° of the slope when measured by our method.

2. Measurement Method
---------------------

Posterior tibial slope was measured on the lateral radiograph pre- and postoperatively. The preoperative posterior tibial slope was defined as the angle created by a line perpendicular to the anterior tibial cortex and a line parallel to the tibial plateau ([Fig. 1](#F1){ref-type="fig"}). The postoperative posterior tibial slope was defined as the angle created by a line perpendicular to the anterior tibial cortex and a line parallel to the tibial component. The postoperative posterior tibial slope was measured from the radiograph taken immediately after surgery and there was no change in the postoperative slope in all cases during the follow-up period. The pre- and postoperative difference of the posterior tibial slope was calculated by subtracting the preoperative value from the postoperative value.

ROM was measured using a goniometer pre- and postoperatively. The center of the goniometer was placed over the lateral epicondyle of the femur. One of the stationary arms was positioned parallel to the greater trochanter of the femur and the other to the lateral malleolus of the fibula. With the angle in full extension set as 0°, the increases in the angle was measured during knee flexion. The measurement was carried out by 10 experienced orthopedic surgeons, 1 for each year, between 2001 and 2010.

In knees with flexion contracture, the ROM was calculated by subtracting the flexion contracture angle from the maximal angle of flexion. Postoperative ROM was measured at the last follow-up (at ≥3 years after surgery). The change in the maximal angle of flexion was calculated by subtracting the preoperative value from the postoperative value.

3. Comparison
-------------

The 79 cases were divided into two subsets: group A (44 cases with ≤10°) and group B (35 cases with \>10°) according to the mean postoperative posterior tibial slope, and group α (39 cases with ≤-4°) and group β (40 cases with \>-4°) according to the difference of the pre- and postoperative posterior tibial slope.

The postoperative maximal angle of flexion, along with the change in the pre- and postoperative maximal angle of flexion, were measured at the last follow-up (at ≥3 years after surgery). Intergroup comparisons were done between group A and B, and between group α and β.

4. Statistical Analysis
-----------------------

Statistical analysis was performed with SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA). Intergroup comparisons were performed using t-tests. Statistical significance was set at p\<0.05.

Results
=======

The mean follow-up period was 6.1 years (range, 3-9 years). In the 79 cases, the mean postoperative posterior tibial slope was 10° (range, 3°-20°) and the mean pre-and postoperative change in the posterior tibial slope was -3.8° (range, -22°-8°).

The mean flexion contracture decreased significantly from 8.2° (range, 0°-20°) preoperatively to 1.4° (range, 0°-10°) postoperatively (p=0.000). No statistically significant pre- and postoperative change was found in the maximal angle of flexion. The mean ROM increased remarkably from 120.1° (range, 90°-150°) preoperatively to 128.4° (range, 90°-150°) postoperatively (p=0.002).

There was no significant difference between the groups in terms of age, body mass index (BMI), alignment, and ROM ([Tables 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}).

The mean postoperative maximal angle of flexion was not significantly different between group A (129.2°; range, 100°-150°) and group B (130.6°; range, 100°-150°), which were divided according to the mean postoperative posterior tibial slope (p=0.667) ([Table 3](#T3){ref-type="table"}). There was no significant intergroup difference in the mean change of pre- and postoperative maximal angle of flexion: 2° (range, -50°-60°) in group A and 0.7° (range, -50°-40°) in group B (p=0.785).

The mean postoperative maximal angle of flexion was not significantly different between group α (129.4°; range, 100°-150°) and group β (130.3°; range, 100°-150°) that were divided according to the mean pre- and postoperative change of the posterior tibial slope (p=0.777) ([Table 4](#T4){ref-type="table"}). There was no significant intergroup difference in the mean change of the pre- and postoperative maximal angle of flexion: 0° (range, -50°-35°) in group α and 2.9° (range, -50°-60°) in group β (p=0.554).

Discussion
==========

Postoperative ROM is an important indicator of the success of TKA, and there are various factors that may influence the postoperative ROM. In particular, posterior tibial slope has been considered positively correlated with the maximal angle of flexion[@B14]. Braun et al.[@B16] reported posterior tibial slope would delay tibiofemoral impingement and recommended 6.5° of posterior tibial slope to maximize the maximal angle of flexion.

Increased posterior tibial slope results in an increase in PCL tension, especially after PCL-retaining TKA, which facilitates posterior femoral rollback and possibly knee flexion. However, Takatsu et al.[@B15] warned that an excessive increase in the posterior tibial slope following PCL-retaining TKA could compromise the PCL function, which could eventually negate the advantages of the PCL-retaining procedure.

Studies on the relationship between the posterior tibial slope and the maximal angle of flexion have been hampered by the difficulty of excluding the influence of other ROM-related factors in the assessment of TKA results. Hence, studies based on real clinical data from TKA patients have been rare.

There have been some studies involving human cadavers or computer models to assess the relationship between the posterior tibial slope and the maximal angle of flexion. Bellemans et al.[@B18] analyzed 21 cadaver simulations of a PCL-retaining TKA using three-dimensional computer programs, and reported that a 1° increase in the posterior tibial slope would improve an average of 1.7° of the maximal angle of flexion. According to the study by Walker and Garg[@B14] using a computer simulation model of the knee joint and prosthesis, posterior tibial slope could increase the maximal angle of flexion. They documented that when the posterior tibial slope was 10°, the maximal flexion angle increased by 30°, and when the anterior tibial slope was 10°, the maximal flexion angle decreased by 25°. Massin and Gournay[@B20] investigated the relationship between the tibia and femur when the knee is in flexion using the lateral radiographs of the knee. The study showed that a 3-mm decrease of the posterior condylar offset could reduce the knee flexion by 10° before the occurrence of tibiofemoral impingement. In addition, a 5° decrease in the posterior tibial slope could reduce the knee flexion by an additional 5°.

In the abovementioned studies, the independent influence of the posterior tibial slope on the maximal angle of flexion was assessed by controlling other various factors that may affect the ROM. Therefore, we could formulate a hypothesis that the posterior tibial slope would be positively correlated with maximal angle of flexion. The purpose of the present study was to test the hypothesis by analyzing the real clinical data from TKA patients.

Kansara and Markel[@B19] reported that there was no significant relationship between the posterior tibial slope and ROM in their TKA patients. They divided the patients into two groups according to the use of either a 0° or 5° proximal tibial cutting block and could not find significant intergroup differences in the postoperative ROM. However, the study had some limitations in assessing the independent influence of the posterior tibial slope on the maximal angle of flexion because other variables that could affect the ROM were not controlled. In another study based on clinical data, Malviya et al.[@B21] divided TKA patients into 3 groups according to the posterior tibial slope (≤5°, \>5° and \<8°, and ≥8°), and found that the posterior tibial slope was correlated with maximal angle of flexion. Although other variables were taken into consideration in the study, the 12-month follow-up period was relatively short to yield accurate results.

We controlled potentially confounding variables including the surgeon, surgical technique, surgical equipment, preoperative flexion contracture and ROM, varus/valgus deformity, and postoperative follow-up period. There were no significant differences between the groups in terms of age, BMI, alignment and ROM. Therefore, we could perform an independent assessment on the influence of the posterior tibial slope on the maximal angle of flexion. In addition, flexion angle measurement was performed at ≥3 years after surgery when the postoperative condition was sufficiently stable. Contrary to our hypothesis, the results showed no significant relationship between the posterior tibial slope and the maximal angle of flexion.

There were some limitations of this study. First, the number of cases (n=79) was small due to the stringent exclusion criteria, which accordingly might have reduced the statistical power of the intergroup comparison. When the type 1 error was set at 0.05 and the effect size was set at 7, the significant difference in the maximal angle of flexion between two groups based on previous studies, the type 2 error was 0.4, which indicates that the statistical power of this study was 0.6. Therefore, we think that securing a maximum number of initial cases would be conducive to obtaining a high statistical power even with a strict control of variables.

Second, there could have been measurement errors. A total of 10 observers measured the ROM using a goniometer. Goniometers have been considered as a reliable ROM measurement device[@B22]. However, it has been recommended to employ the same experienced observer for all measurements throughout a study to improve the interobserver reliability of goniometric measuremts[@B23]. Although all of the observers were experienced surgeons in the present study, the employment of 10 different observers during the study period between 2001 and 2010 might have impacted the reliability of the measurements. Therefore, we recommend that all measurements are taken by the same experienced observer or based on the lateral radiographs taken with the knee in full extension or full flexion to obtain more accurate study results.

In spite of these limitations, the significance of this study can be described as follows: The study was based on real clinical data obtained from our TKA patients, the confounding variables were more rigorously controlled compared to the previous studies, and the evaluation was performed at a sufficient interval after surgery. Therefore, we could assess the influence of the posterior tibial slope on the maximal angle of flexion in a highly independent and accurate manner. We believe our study results would serve as a useful reference for determining the posterior tibial slope in TKA.

It is our understanding that the independent influence of posterior tibial slope on the maximal angle of flexion can be assessed more precisely in studies that involve a more strict control of the variables that may affect the maximal angle of flexion and a larger study population.

Conclusions
===========

The ROM was improved after TKA in patients with knee arthritis. On the other hand, no statistically significant improvement was noted in the postoperative maximal angle of flexion.

In addition, the postoperative posterior tibial slope was not correlated with the maximal angle of flexion.
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Comparison of Postoperative Maximal Angle of Flexion and the Change of Maximal Angle of Flexion according to Postoperative Posterior Tibial Slope
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